We overview our recent results on spatio-spectral control, diffraction management, broadband switching, and self-trapping of polychromatic light in periodic photonic lattices in the form of rainbow gap solitons, polychromatic surface waves, and multigap color breathers. We show that an interplay of wave scattering from a periodic structure and interaction of multiple colors in media with slow nonlinear response can be used to selectively separate or combine different spectral components. We use an array of optical waveguides fabricated in a LiNbO 3 crystal to actively control the output spectrum of the supercontinuum radiation and generate polychromatic gap solitons through a sharp transition from spatial separation of spectral components to the simultaneous spatio-spectral localization of supercontinuum light. We also show that by introducing specially optimized periodic bending of waveguides in the longitudinal direction, one can manage the strength and type of diffraction in an ultra-broad spectral region and, in particular, realize the multicolor Talbot effect. Lett. 13, 794-796 (1988 
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Introduction
Advances in the generation of light with broadband or supercontinuum spectrum in photoniccrystal fibers [1] [2] [3] open many new possibilities for a wide range of applications including optical frequency metrology [4] , spectroscopy [5] , tomography [6] , and optical characterization of photonic crystals [7] . Supercontinuum radiation differs significantly from the light emitted by incoherent light sources, combining high coherence, spectral brightness, and excellent focusing properties. Furthermore, its high peak intensity and average power enable enhanced light-matter interactions in the nonlinear regime [8] . In recent years, efficient approaches have been developed for the manipulation of temporal and spectral characteristics of supercontinuum generated in photonic crystal fibers (PCFs) [2] . PCFs allow for engineering of the spectral dispersion and confinement of light through the underlying periodicity of their structure. On the other hand, various applications would benefit from the ability to perform tunable shaping of the supercontinuum light beams in the spatial domain. The spatial beam manipulation in extended photonic structures is based on the scattering of waves from the refractive index inhomogeneities and their subsequent interference. This is a resonant process, which is sensitive to both the frequency and the propagation angle. In photonic crystals [9] where the refractive index is modulated in the propagation direction on the scale of the optical wavelength, there appear sharp spectral features where the propagation of optical signals is highly sensitive to the wavelength. Another class of periodic structures in the form of waveguide arrays, shown schematically in Fig. 1(a) , or photonic lattices [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] feature the refractive index modulation in the transverse spatial dimension with the characteristic period of several wavelengths, resembling the periodic cladding of PCFs. In such structures the backscattering of light is absent and transmission coefficients can approach unity simultaneously for all spectral components. Additionally, the spatial beam propagation in waveguide arrays tends to change smoothly as the optical wavelength is varied strongly by hundreds of nanometers. These features of photonic-lattice structures make them well suited for the manipulation of polychromatic or supercontinuum light beams.
In this paper, we overview our recent theoretical and experimental results [24] [25] [26] [27] [28] [29] [30] [31] [32] on the tunable control of the supercontinuum light beams by employing nonlinear photonic latices. Whereas various approaches for all-optical beam shaping have been previously demonstrated for narrow-band light sources, we reveal novel possibilities for all-optical spatial switching and simultaneous spectral reshaping and localization of supercontinuum light beams. We predict theoretically and demonstrate experimentally that an interplay of wave scattering from a periodic structure and nonlinearity-induced interaction of multiple colors in an array of optical waveguides allows one to selectively separate or combine different spectral components. Additional flexibility is implemented through interaction with induced defects in the structure, where small refractive index change may enable tunable spectral filtering. We also show that in optimized arrays of curved waveguides, it is possible to achieve an efficient diffraction management of polychromatic light and, in particular, realize the multicolor Talbot effect.
The paper is organized as follows. In Sec. 2 we present the basic concepts of polychromatic light propagation in photonic lattices at low light intensity (linear propagation). In Sec. 3 we describe the effect of nonlinear material response on the beam spectral-spatial reshaping with propagation. We show how the collective nonlinear interaction of spectral components in a medium with slow nonlinearity leads to the formation of polychromatic gap solitons and breathers. In Sec. 4 we provide experimental verification of some of our theoretical predictions and demonstrate how the slow defocusing photorefractive nonlinearity in lithium niobate waveguide arrays can be used for tunable all-optical reshaping of supercontinuum light. Sec. 5 describes the ability of surfaces to dramatically alter the propagation of polychromatic light and presents theoretical and experimental results on the formation of polychromatic nonlinear surface states. Finally, in Sec. 6 we describe the possibility for diffraction engineering in an ultra-broad spectral region by introducing periodic bending of waveguides in the longitudinal direction, offering new possibilities for shaping of polychromatic beams and patterns.
Polychromatic beam shaping in linear photonic lattices
In this section, we discuss the general features of polychromatic beam diffraction in planar photonic structures with a modulation of the refractive index along the transverse spatial dimension [ Fig. 1(a) ], such as optically-induced lattices or periodic waveguide arrays [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The physical mechanism of beam diffraction in such structures is based on the coupling between the modes of neighboring waveguides [14, 33, 34] . When the beam is coupled into a single waveguide at the input, it experiences 'discrete diffraction' where most of the light is directed into the wings of the beam. This is in sharp contrast to the diffraction of Gaussian beams in homogeneous materials where the peak intensity remains at the beam center at any propagation distance. The light couples from one waveguide to another due to the spatial overlaps of the waveguide modes. Since the mode profile and confinement depend on the wavelength, the discrete diffraction exhibits spectral dispersion. The mode overlap at neighboring waveguides is usually much stronger for red-shifted components, which therefore diffract faster than their blue counterparts [22, 35] . This leads to spatial redistribution of the colors of the polychromatic beam which increases along the propagation direction, see Fig. 1(b) . As a result, at the output the red components dominate in the beam wings, while the blue components are dominant in the central region, see Fig. 1(c) .
The mathematical modeling of the diffraction process for optical sources with a high degree of spatial coherence, such as supercontinuum light generated in photonic-crystal fibers, can be based on a set of equations for the spatial beam envelopes A m (x, z) of different frequency 500 600 700 800
Wavelength, nm components at vacuum wavelengths λ m . Since the refractive index contrast in photonic-lattice structures is usually of the order of 10 −4 to 10 −2 and we consider the beams propagating at small angles along the lattice, then the general wave equations can be reduced to parabolic equations employing the conventional paraxial approximation [25, 30, 32] ,
where x and z are the transverse and longitudinal coordinates, respectively, and n 0 (λ m ) is the background refractive index. The function ∆n(x; λ m ) describes the effective refractive index modulation, which depends on the vertical mode confinement in the planar guiding structure. Since the vertical mode profile changes with wavelength, the dispersion of the effective index modulation is defined by the geometry of photonic structures. For an array of optical waveguides in LiNbO 3 , the modulation can be accurately described as ∆n(x; λ ) = ∆n max (λ ) cos 2 (πx/d), where the wavelength dependence of the effective modulation depth ∆n max (λ ) can be calculated numerically or determined by matching the experimentally measured waveguide coupling [30, 32] . Even if the material and geometrical dispersion effects are weak, the beam propagation would still strongly depend on its frequency spectrum [24, 25] since the values of λ m appear explicitly in Eqs. (1) . Linear propagation of optical beams through a periodic lattice can be fully characterized by decomposing the input profile in a set of spatially extended eigenmodes, called Bloch waves [36, 37] . The Bloch-wave profiles can be found as solutions of Eqs. (1) 
in the form
, where ψ j (x; λ m ) has the periodicity of the underlying lattice, β j (K b ; λ m ) are the propagation constants, K b are the normalized Bloch wavenumbers, j is the band number, and d is the lattice period. At each wavelength, the dependencies of longitudinal propagation constant (along z) on the transverse Bloch wavenumber (along x) are periodic, β j (K b ; λ m ) = β j (K b ± 2π; λ m ), and are fully characterized by their values in the first Brillouin zone, −π ≤ K b ≤ π. These dependencies have a universal character [9, 36, 37] , where the spectrum consists of non-overlapping bands separated by photonic bandgaps, as shown in Fig. 1(d) . The position and the width of bands and gaps, however, are strongly sensitive to the wavelength of the light [ Fig. 1(e) ]. As a result, the spatial beam shaping exhibits frequency dispersion. In particular, the rate of diffraction for broad beams is determined by the curvature of dispersion curves,
For the input beam coupled to a single waveguide, the first band is primarily excited ( j = 1), and the beam diffraction increases at longer wavelengths where the band gets wider. This conclusion is in full agreement with the physical interpretation presented above using the concept of coupling between waveguide modes.
Self-trapping of polychromatic light
An important task of building a nonlinear, reconfigurable photonic device for manipulation of broadband signals requires the ability to tune the spectral transmission in the spatial domain. In this section, we describe an approach to flexible spatial-spectral control of supercontinuum radiation through the effect of nonlinear interaction and selective self-trapping of spectral components inside the individual channels of the waveguide array.
Collective nonlinear interactions in media with slow nonlinearity
In order to perform spatial switching and reshaping of polychromatic signals without generating or depleting different spectral regions, the coherent four-wave-mixing processes need to be suppressed. This can be achieved in media which nonlinear response is slow with respect to the scale of temporal coherence [38] . This condition is commonly satisfied for photorefractive materials, where the optically-induced refractive index change is defined by the time-averaged light intensity of different spectral components [39, 40] . Similar types of multi-wavelength interactions are also possible in liquid crystals [41] . The slow nonlinearities thus provide a fundamentally different regime compared to dynamics of light with supercontinuum spectrum in multi-core photonic-crystal fibers with fast nonlinear response [42] [43] [44] , where nonlinearlyinduced spatial mode reshaping is inherently accompanied by the spectral transformations.
We model the nonlinear propagation and interaction of all spectral components by including a nonlinearly-induced change of the refractive index into Eqs. (1),
We take the nonlinear term in the form:
which accounts for photovoltaic defocusing nonlinearity [40, 45] in the regime of weak saturation, where γ is the nonlinear coefficient, and M is the number of frequency components included in numerical modeling. Whereas nonlocality may affect the soliton properties [46] , this effect was weak under our experimental conditions [27, 29, 30, 32] . For the LiNbO 3 waveguide arrays, the photovoltaic nonlinearity arises due to charge excitations by light absorption and corresponding separation of these charges due to diffusion. The spectral response of this type of nonlinearity depends on the crystal doping and stoichiometry and may vary from crystal to crystal. In general, however, light sensitivity appears in a wide spectral range with a maximum for the blue spectral components [47] , but the sensitivity extends well in the near infra-red region [48] . We approximate the photosensitivity dependence by a Gaussian func-
w ] with λ > λ b = 400 nm and λ w = 150 nm. Note that by making a transformationÃ m = A m σ (λ m ), the sensitivity function can be rescaled to unity, σ (λ m ) = 1, and therefore the presented results are also directly applicable for other shapes of sign-definite photosensitivity functions.
Polychromatic gap solitons
Multiple frequency components of an optical beam can undergo self-trapping process and propagate in a common direction, when they are coupled together and form a polychromatic spatial soliton. The solitons are self-trapped beams which do not diffract, and their formation was predicted to occur in media with either self-defocusing [24, 25] or self-focusing [49] nonlinearities. The self-focusing nonlinearity can also support polychromatic or white-light solitons in bulk media [39, 40] , and we consider below the most intriguing case of polychromatic soliton formation in lattices with defocusing nonlinearity, when localization would not be possible for bulk crystals. The experimental observations of such self-trapping effect are discussed below in Sec. 4. The numerical simulations based on the system of equations (2) (with γ = −1 for defocusing nonlinear response) show that the input beam experiences self-trapping above a critical power level [24, 25, 29, 32] . In this regime, the spectral components become spatially localized and form a polychromatic soliton, which propagates without broadening in the photonic structure, see Fig. 2(a) . In order to identify the physical mechanism of beam localization and soliton formation, we calculate the spectrum of the propagation constants, which is presented as density plot (white color correspond to larger amplitudes) in Fig. 2(b) . This figure shows that the propagation constants are located inside the Bragg-reflection gap due to the nonlinear decrease of the refractive index at the soliton core, and this allows for the spatial self-trapping. Thus, such self-trapped states can be termed polychromatic gap solitons. Note that the spectrum for blue components is shifted deeper inside the gap, whereas the red components have spectra very close to the gap edge. This explains much weaker localization of red components as shown in Figs. 2(c) and (d), and indeed it is seen in Fig. 2(a) that the soliton has a blue center and red tails.
Crossover from self-trapping to defocusing
The variation of the gap width can have a dramatic effect on self-action of an input beam focused at a single site of a defocusing nonlinear lattice [21] , where a sharp crossover from self-trapping to defocusing occurs as the gap becomes narrower. Since the gap-width depends on wavelength as discussed in Sec. 2, both self-focusing and defocusing phenomena may be observed in the same photonic structure depending on the value of the wavelength λ cr corresponding to the crossover transition [25] . When λ cr is above the optical spectrum, the polychromatic gap solitons may always be excited as discussed in Sec. 3.2. However, in photonic lattices with smaller refractive index contrast, λ cr is shifted to lower wavelengths. Then, for particular spectral shapes, the soliton formation is not observed at any power levels when the input beam is coupled to a single waveguide. Importantly, such effects do not occur in lattices with positive or self-focusing nonlinearity [49] . These results underline the importance of proper engineering of photonic-lattice structures and suggest new opportunities for spectrally-sensitive beam shaping. 
Polychromatic breathers
A fundamentally different localization regime where the individual profiles of all spectral components oscillate periodically along the propagation direction has been predicted very recently [29] . It was previously demonstrated that dynamically oscillating multigap breathers can be generated by coherent laser light [50] , and the breather's oscillation period depends both on the input excitation and the structure of the bandgap spectrum [51, 52] . Since the bandgap spectrum strongly depends on the wavelength, it remained an open question whether multigap polychromatic breathers can exist. The simulation results reported in Ref. [29] and presented in Fig. 3(a) demonstrate that self-focusing nonlinearity can act to synchronize the dynamical oscillations of all spectral components, creating a spatially localized state with the properties similar to those of monochromatic breathers. The oscillations occur due to the beating of modes from the total internal reflection and Bragg-reflection gaps, as shown in Fig. 3(b) . A distinguishing feature of the polychromatic breathers is that the propagation constant difference between the modes from different band-gaps is exactly the same for all the spectral components, despite the wavelength dependence of the bandgap structure.
Experimental demonstrations of multi-color self-trapping

Experimental setup
Before discussing the further developments of other ideas on polychromatic light control and self-focusing, we describe how the nonlinear effects of polychromatic light reshaping and selftrapping can be realized and observed experimentally. The key for such experimental realization is the combination of periodic structure with a broadband nonlinear response and high-spatial coherence, high optical intensity polychromatic light with a broad frequency spectrum. The natural choice of such light source is provided by the effect of supercontinuum generation. In this process, spectrally narrow laser pulses are converted into the broad supercontinuum spectrum through several processes [1, 2] , including self-phase modulation, soliton formation due to the interplay between anomalous dispersion and Kerr-nonlinearity, soliton break-up due to higher order dispersion, and Raman shifting of the solitons, leading to non-solitonic radiation in the short-wavelength range. Such supercontinuum radiation has proven to be an excellent tool for waveguide number characterization of bandgap materials [7] , it possesses high spatial coherence [3] , as well as high brightness and intensity required for nonlinear experiments [8] . In our experiments, we used a supercontinuum light beam generated by femtosecond laser pulses (140 fs at 800 nm from a Ti:Sapphire oscillator) coupled into 1.5 m of highly nonlinear photonic crystal fiber (Crystal Fiber NL-2.0-740 with engineered zero dispersion around 740 nm) [30] . The spectrum of the generated supercontinuum is shown in Fig. 4(a) , and it spans over a wide frequency range (typically more than an optical octave). After re-collimation and attenuation, the supercontinuum is spectrally analyzed by a fiber spectrometer and is refocused by a microscope objective (×20) to a single channel of a waveguide array [see Fig. 4(b) ].
The optical waveguides are fabricated by indiffusion of a thin (100Å) layer of Titanium in an X-cut, 50 mm long mono-crystal lithium niobate wafer [21] . The waveguides are singlemoded for all spectral components of the supercontinuum. Arrays with different periodicity and index contrast were tested in our experiments. An important property of the LiNbO 3 crystal is that it exhibits a nonlinear change of the optical refractive index at higher powers due to photorefraction [53, 54] . The photovoltaic nonlinearity [45] is of the defocusing type, meaning that an increase of the light intensity leads to a local decrease in the material refractive index.
After coupling to the array, its output is imaged by a microscope objective (×5) onto a color CCD camera, where a dispersive 60 • (glass SF-11) prism could be inserted between the imaging objective and the camera in order to resolve spectrally all components of the supercontinuum. Additionally, a reference supercontinuum beam is used for interferometric measurement of the phase structure of the output beam [32] . To compensate for the pulse delay and pulse spreading inside the LiNbO 3 waveguides, this reference beam is sent through a variable delay-line, implemented in a dispersion compensated interferometer, including an additional 5 cm long bulk LiNbO 3 crystal (to equalize the material dispersion). In this way, interferometric measurements are possible for ultra-wide spectral range.
Generation of polychromatic gap solitons
To obtain a detailed insight into the spectral distribution at the array output, we resolve the individual spectral components by a prism and acquire a single shot two-dimensional image providing spatial resolution in one (horizontal) direction and spectral resolution in orthogonal (vertical) direction. This technique enables precise determination of the spectral distribution at the array output. The image in Fig. 5(a) depicts the spectrally resolved discrete diffraction of the supercontinuum beam in an array of optical waveguides with a period d = 10 µm when the input beam is focused to a single waveguide. The diffraction of the beam is weakest for the blue spectral components, which experience weak coupling, while the diffraction is strongest for the infrared components. We note that the spectral scale in Fig. 5(a) is not linear due to the nonlinear dispersion of the prism. The spectrally resolved discrete diffraction provides a visual illustration of the separation of colors in the waveguide array. This separation occurs as the light is concentrated predominantly in the beam wings rather than in the center, a typical property of the discrete diffraction. The recorded diffraction patterns also allow for characterization of the linear dispersion of waveguide coupling and discrete diffraction. For the output pattern presented in Fig. 5(a) , we find that the discrete diffraction length, defined as the characteristic distance where the diffraction pattern at the specific wavelength is expanded by two extra waveguides, varies from 1 cm, for blue (480 nm), to less than 0.2 cm, for red (800 nm) spectral components. These values correspond to a total propagation distance of 5.5 and 27.5 discrete diffraction lengths for the blue and red spectral components, respectively, in a 5.5ċm long waveguide array structure. The propagation of few diffraction lengths for all spectral components is advantageous for nonlinear experiments, e.g. formation of solitons [55, 56] , and facilitates strong spectral transformations in the nonlinear regime.
An important next step towards spectral reshaping is the ability to suppress the diffractioninduced broadening and separation of spectral components through nonlinear beam selfaction [32] . In experiment, we observe strong spatio-spectral localization of the supercontinuum light as its input power is increased [ Fig. 5(b) ]. A distinguishable characteristic of this localization process is the fact that it combines all wavelength components (from blue to red) of the supercontinuum spectrum and as such achieves suppression of the spatial dispersion in the nonlinear regime through the formation of a polychromatic gap soliton. The dynamics of the localization process can be seen in Fig. 5 (movie) which presents the temporal evolution of the output after the beam is injected in the array. The slow time response of the photovoltaic nonlinearity allows for the simple visualization of this dynamics, revealing the combined transition of all spectral components from discrete diffraction to soliton formation.
Taking advantage of the high spatial coherence of the supercontinuum light, we have also performed white-light interferometric measurement of the localized output profile. The observed interference pattern reveals that the dominating spectral components in the adjacent waveguides are out-of-phase, providing confirmation that the localized beam is indeed a polychromatic gap soliton [29, 32] . We note that this type of localization is physically different from the gap solitons generated by two-color coupling in arrays with quadratic nonlinearity [17] where the second harmonic field has a plane phase in contrast to the staggered phase of the fundamental frequency component.
Interaction with an induced defect
A specific characteristic of the localization process in LiNbO 3 is the slow temporal response. The response time is inversely proportional to the input laser power, and it can vary from a few seconds to several minutes at low light intensities. The advantage of this slow time response, however, is that once the refractive-index modulation is written it can be preserved in the structure for a long period of time, provided that the sample is not exposed to strong light radiation [53] . This opens an exciting possibility for optical writing of defects with arbitrary geometry [54, 57, 58] . We demonstrate that defects can play a role of spectral filters for the supercontinuum light [30] . We generate a localized supercontinuum state in an array with periodicity of 19 µm at power of 12 mW and after several hours in a dark room we probe this induced defect with low power supercontinuum beam. When the light is injected into the waveguide adjacent to the defect [ Fig. 6(a) ] we observe reflection of all spectral components below a threshold wavelength value (approximately 800 nm in our case). On the other hand, only spectral components with longer wavelengths are transmitted to the left-hand side of the defect. When the input beam is injected into the second or third waveguide from the induced defect, we observe complex spectral reshaping of the output profiles due to the interference with waves reflected from the defect state. We note that the nonlinear refractive index change in the detuned waveguide is only of the order of 10 −4 , but it is sufficient to modify significantly the spectrum of the supercontinuum radiation. This effect is somehow similar to surface manipulation of the supercontinuum light discussed below in Sec. 5, but with the ability for dynamical reconfiguration and all-optical tuning of the defect properties. 
Polychromatic nonlinear surface modes
In this section, we describe theoretically and demonstrate experimentally power-controlled reshaping of polychromatic light beams near the edge of the nonlinear waveguide array, and discuss additional possibilities for beam control at an interface between different lattices.
Spatial-spectral reshaping through nonlinear interaction with surface defect
Flexible control of light propagation in photonic lattices can be achieved when the optical beam interacts with the boundary of a periodic structure. By making the surface waveguide to be slightly different [see an example in Fig. 7(a) ], it is possible to perform spectrally-selective control of linear waves. The surface defect can support localized guided modes when the refractive index change exceeds a certain threshold, such that the mode eigenvalue is shifted outside the photonic band [59, 60] . Since the bandgap structure of a photonic lattice depends strongly on frequency as discussed in Sec. 2, the critical change of the refractive index becomes also wavelength-dependent. Only when the optical wavelength is shorter than a certain threshold which depends on the strength of the surface defect, λ < λ th , the optical waves can be localized at the surface [59, 60] , whereas for longer wavelengths the light would be reflected from the surface experiencing modified discrete diffraction [61, 62] . For the refractive index profile shown in Fig. 7(a) , the defect can trap blue spectral components whereas the longer wavelength components escape from the surface. We have demonstrated [27] that by coupling light in the second waveguide, next to the surface defect, it is possible to perform power-dependent spatial-spectral reshaping. In the linear regime, the tunneling of short-wavelength components with λ < λ th to the first waveguide is suppressed almost completely. On the other hand, light at longer wavelengths can penetrate in the first waveguide, see Fig. 7(b) . When the light intensity is increased, the refractive index at the location of the input beam keeps decreasing, approaching gradually the refractive index of the surface waveguide. When the mismatch between the two waveguides is reduced, shorter wavelength components start tunneling to the first waveguide. As this happens, nonlinearity acts to increase the mismatch, and light switches permanently to the first waveguide, as shown in Fig. 7(c) . For even higher input powers, the refractive index of the second waveguide decreases to the values below the index of the neighboring waveguides, such that light remains trapped at the input location, see Fig. 7 [26] . also realized experimentally [27] . As the input power into the second waveguide is increased, we observe enhanced coupling of red, green, and blue components to the surface waveguide [ Figs. 8(a-d) ] and the formation of polychromatic surface modes. At even higher powers the second waveguide is fully detuned from the neighboring ones and we observe light trapping entirely in the second waveguide [ Figs. 8(e) ]. In the latter case, nonlinearity strongly reduces the influence of the surface on beam propagation. These results demonstrate that collective spatial switching of multiple spectral components can be realized through the nontrivial interplay between the effects of fabricated and self-induced nonlinear defects in photonic lattices.
Polychromatic interface solitons
Additional flexibility in tailoring beam shaping can be realized by introducing interfaces between two different lattices [25, 26, [63] [64] [65] . Such interfaces may support localized linear modes that generalize the so-called surface Tamm states known to exist in other similar structures for many decades. Nonlinear media allows for localization also in the cases when linear surface states are absent [61, [66] [67] [68] [69] [70] [71] [72] . Importantly, in both the linear and nonlinear regimes, the light can only be localized in the overlap between the spectral gaps of both lattices separated by an interface, see Fig. 9 . We find that by tailoring wavelength dispersion of the individual lattice spectra it becomes possible to control the localization and diffraction of polychromatic beams [25, 26] . Figure 10 shows an example where the polychromatic interface soliton supported by defocusing nonlinearity is composed of five components with different wavelengths λ =506, 519, 532, 546, 560 nm (equidistantly spaced in frequency space) [26] . All five components carry the same power. In the soliton, the blue components have a larger spatial extent that the red ones. This is in a sharp contrast to other types of polychromatic solitons in infinite systems. Single components shown in Fig. 10 are located within the first spectral gap of the narrow waveguide lattice and the second gap of the wide waveguide lattice. We numerically studied the propagation of such multi-component solitons in the presence of an initial perturbation and did not observe any signs of instabilities at experimentally feasible propagation distances.
We have found that such solitons can be generated by a Gaussian beam injected at the narrow waveguide closest to the interface. The propagation constants of the generated polychromatic soliton are shown with circles in Fig. 9(b) . The propagation constants are shifted due to negative nonlinearity into the first band-gap of the narrow lattice, however for the chosen frequency spectrum the localization is only possible at the overlap with the second gap of the wide lattice. The overlap vanishes for light of higher frequencies, and accordingly blue components are not localized at the interface [25, 26] . This effect is in sharp contrast to beam dynamics in bulk nonlinear media or periodic photonic lattices with cos-type refractive index modulation, where blue light does generally focus into solitons more easily than red light.
Broadband diffraction management in curved waveguides
The dependence of spatial beam diffraction on optical wavelength is a universal effect, which takes place both in free space [73] and in various types of photonic-crystal structures including photonic lattices as discussed in Sec. 2. We have demonstrated that intrinsic wavelengthdependence of diffraction strength in waveguide arrays can be compensated by introducing periodic waveguide bending in the longitudinal direction [28] . It was previously suggested that the longitudinal bending can be used to manage the diffraction strength [74] [75] [76] [77] [78] [79] , however the diffraction control was restricted to a spectral range of less than 10% of the central frequency. We found that with a special design of bending profiles, the wavelength-independent diffraction can be achieved in a very broad spectral range up to 50% of the central frequency. The periodic structures can be optimized to obtain constant normal, anomalous, or zero diffraction for polychromatic beams. Despite the transitional separation of colors inside the waveguide array, after each bending period all color components are recombined, as illustrated in Fig. 11 . This opens up novel opportunities for efficient self-collimation, focusing, and shaping of white-light beams and patterns. The broadband diffraction control also enables the creation of efficient intergated nonlinear optical devices for switching of polychromatic light [80] .
The optimized structures can also be used to manipulate white-light patterns through multicolor Talbot effect, which otherwise is not feasible in free space or in conventional photonic lattices. The Talbot effect [81] is known as the repetition of any periodic monochromatic light pattern upon propagation at certain equally spaced distances. It was recently shown that the Talbot effect is also possible in discrete systems for certain periodic input patterns [35] , see an example in Fig. 12(a) .
Period of the discrete Talbot effect in the waveguide array is inversely proportional to the coupling coefficient between waveguide modes, which strongly depends on frequency. Therefore, for each specific frequency Talbot recurrences occur at different distances [35] , and periodic intensity revivals disappear for the multicolor input, see Fig. 12(b) . Multicolor Talbot effect is also not possible in free space where the revival period is proportional to frequency. Most remarkably, multicolor Talbot effect can be observed in optimized waveguide arrays with wavelength-independent diffraction [28] , see an example in Fig. 12(c) .
It is important that the basic concept of the broadband diffraction management and control T = 53.2mm is equal to the Talbot distance for the corresponding effective coupling length [28] .
can be extended to the case of two-dimensional photonic lattices composed of periodicallycurved waveguides. Recently, we have suggested that a specific design of the waveguide bending would allow one not only to control both the strength and sign of light diffraction but also to engineer the effective geometry and even dimensionality of the photonic lattice [31] . In particular, we have demonstrated that different spectral components of polychromatic light beams can experience completely different types of diffraction, e.g. planar, triangular, or rectangular, in the same structure. These results provide a solid background for the further experimental studies of modulated photonic lattices, and they suggest novel opportunities for efficient reshaping of polychromatic light beams in two-dimensional photonic structures.
Conclusions
We have presented an overview of the basic theoretical studies and experimental observations of spatio-spectral control of polychromatic light in periodic photonic structures. For nonlinear lattices, we have described theoretically new types of self-trapped states in the form of rainbow gap solitons, polychromatic surface waves, and multigap breathers, all possessing nontrivial phase structure and spectral features. We have presented the first observation of polychromatic gap solitons in periodic photonic structures with defocusing nonlinearity; such solitons can be generated due to simultaneous spatio-spectral localization of supercontinuum radiation inside the photonic bandgaps. For linear photonic lattices, we have demonstrated that the strength of diffraction can be managed in optimized arrays of curved waveguides allowing an efficient diffraction management of polychromatic light and realization of multicolor Talbot effect, which is possible neither in free space nor in conventional photonic lattices. We anticipate that many of the theoretically predicted and experimentally demonstrated effects can be useful for tunable control of the wavelength dispersion for ultra-broad spectrum pulses offering additional functionality for broadband optical systems and devices.
